al modulation
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A brief chronology of past CoGeNT results

CoGeNT employs PPCs (JCAP 09 (2007) 009) to search
for low-mass WIMPs, specifically aiming to test the
DAMA/LIBRA claim. PPCs offer required stability, low
threshold, and rejection of surface events. At higher
energies, rejection of gamma backgrounds
(MAJORANA and GERDA, Ov Bp-decay searches).
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A brief chronology of past CoGeNT results

CoGeNT employs PPCs (JCAP 09 (2007) 009) to search
for low-mass WIMPs, specifically aiming to test the
DAMA/LIBRA claim. PPCs offer required stability, low
threshold, and rejection of surface events. At higher
energies, rejection of gamma backgrounds
(MAJORANA and GERDA, Ov Bp-decay searches).

First results (PRL 101 (2008) 251301) in a shallow site
eliminated the last region of WIMP parameter space
allowed for DAMA/LIBRA within a standard halo model

(SHM). This exclusion later confirmed by other
searches (e.g., CDMS low-threshold analyses).
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A brief chronology of past CoGeNT results

® CoGeNT employs PPCs (JCAP 09 (2007) 009) to search
for low-mass WIMPs, specifically aiming to test the
DAMA/LIBRA claim. PPCs offer required stability, low
threshold, and rejection of surface events. At higher
energies, rejection of gamma backgrounds
(MAJORANA and GERDA, Ov Bp-decay searches).
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A brief chronology of past CoGeNT results

CoGeNT employs PPCs (JCAP 09 (2007) 009) to search
for low-mass WIMPs, specifically aiming to test the
DAMA/LIBRA claim. PPCs offer required stability, low
threshold, and rejection of surface events. At higher
energies, rejection of gamma backgrounds
(MAJORANA and GERDA, Ov Bp-decay searches).

First results (PRL 101 (2008) 251301) in a shallow site
eliminated the last region of WIMP parameter space
allowed for DAMA/LIBRA within a standard halo model
(SHM). This exclusion later confirmed by other
searches (e.g., CDMS low-threshold analyses).

Irreducible low-energy exponential excess found
following surface event rejection (PRL 106 (2011)
131301). WIMP interpretation in vicinity of DAMA/
LIBRA ROIL The improved rejection allowed for by
larger exposure, and a best-effort at background
simulation, have thus far failed to account for this
excess (PRD 88 (2013) 012002). Possible very similar
excess in NR band in CDMS-Ge data (Collar & Fields,
arXiv:1204.3559, see also R. Nelsons talk later today).
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A brief chronology of past CoGeNT results

CoGeNT employs PPCs (JCAP 09 (2007) 009) to search
for low-mass WIMPs, specifically aiming to test the
DAMA/LIBRA claim. PPCs offer required stability, low
threshold, and rejection of surface events. At higher
energies, rejection of gamma backgrounds
(MAJORANA and GERDA, Ov Bp-decay searches).

First results (PRL 101 (2008) 251301) in a shallow site
eliminated the last region of WIMP parameter space
allowed for DAMA/LIBRA within a standard halo model
(SHM). This exclusion later confirmed by other
searches (e.g., CDMS low-threshold analyses).

Irreducible low-energy exponential excess found
following surface event rejection (PRL 106 (2011)
131301). WIMP interpretation in vicinity of DAMA/
LIBRA ROIL The improved rejection allowed for by
larger exposure, and a best-effort at background
simulation, have thus far failed to account for this
excess (PRD 88 (2013) 012002). Possible very similar
excess in NR band in CDMS-Ge data (Collar & Fields,
arXiv:1204.3559, see also R. Nelsons talk later today).

Run interrupted by Soudan fire: 15 mo of data exhibit
low-energy modulation in bulk events, compatible with
DAMA/LIBRA (PRL 107 (2011) 141301). Data-sharing

allowed for independent analyses and interpretations.
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A brief chronology of past CoGeNT results

CoGeNT employs PPCs (JCAP 09 (2007) 009) to search
for low-mass WIMPs, specifically aiming to test the
DAMA/LIBRA claim. PPCs offer required stability, low
threshold, and rejection of surface events. At higher
energies, rejection of gamma backgrounds
(MAJORANA and GERDA, Ov Bp-decay searches).

First results (PRL 101 (2008) 251301) in a shallow site
eliminated the last region of WIMP parameter space
allowed for DAMA/LIBRA within a standard halo model

(SHM). This exclusion later confirmed by other
searches (e.g., CDMS low-threshold analyses).

Irreducible low-energy exponential
following surface event rejection (PRL 106 (2011)
131301). WIMP interpretation in vicinity of DAMA/
LIBRA ROIL The improved rejection allowed for by
larger exposure, and a best-effort at background
simulation, have thus far failed to account for this
excess (PRD 88 (2013) 012002). Possible very similar
excess in NR band in CDMS-Ge data (Collar & Fields,
arXiv:1204.3559, see also R. Nelsons talk later today).

Run interrupted by Soudan fire: 15 mo of data exhibit
low-energy modulation in bulk events, compatible with
DAMA/LIBRA (PRL 107 (2011) 141301). Data-sharing
allowed for independent analyses and interpretations.

Much ensuing action: CRESST and CDMS-Si anomalies,
XENON exclusions (and criticisms thereof), etc. TBD.
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What is new?

e Detector recovered from 3 mo post-fire outage w/o
significant changes in performance. It has been
continuously taking data ever since. All data are usable
(compare to 10%-40% in CDMS low-energy analyses).
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What is new?

e Detector recovered from 3 mo post-fire outage w/o
significant changes in performance. It has been
continuously taking data ever since. All data are usable
(compare to 10%-40% in CDMS low-energy analyses).

10 ‘.“‘ T | T T T T T T | T T T
: slow

(surface) 7

rise time (us)

e Large exposure allows optimal separation of bulk and
surface events down to 0.5 keVee threshold. Rise-time
behavior as predicted by simulations and calibrations 5 \ . 'Fas"r'l(b"ul'k)|
(PRD 88 (2013) 012002). Smooth variation of fit TR s 0 e
parameters with energy. energy (keVee)

o b %ast

1.0} 4
600 [——g—————r——— r+ 4 slow
P 3 5.¢ 7 [ ]
500 F 0.5-2.0 keVee . 05f f ; i
: g ¢ gt @
400 £ E 00} ]
] 2
= E 1.0} 1
o 100 0
& ok
— — 5 10 15 20 25 30 35 M. Bellis
?2 1000 : Energy (keVee) et al.,
g 8005_ — 14} F o fast ]| " preparation.
S 600F . 12} 4 4+ slow ||
400} = _ 10} | See also
: ] 3 poster by
200F E s %l M. Kos
0 — -~ g'o.e |
0 1 2 3 4 5
. . 04|
rise time (us)
0.2
Regions selected for “toy” analysis 00

05 1.0 15 20 25 30 35
Energy (keVee)



What is new?

Detector recovered from 3 mo post-fire outage w/o
significant changes in performance. It has been
continuously taking data ever since. All data are usable
(compare to 10%-40% in CDMS low-energy analyses).

Large exposure allows optimal separation of bulk and
surface events down to 0.5 keVee threshold. Rise-time
behavior as predicted by simulations and calibrations
(PRD 88 (2013) 012002). Smooth variation of ft
parameters with energy.

Paper under review, preprint fo appear soon. Data to
be released in energy, time-stamp, and rise-time
format. A straightforward analysis indicates a
persistent annual modulation exclusively at low energy
and for bulk events. Best-fit phase consistent with
DAMA/LIBRA (small offset may be meaningful). Similar
best-fit parameters to 15 mo dataset, but with much
better bulk/surface separation (790% SA for~90% BR)
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What is new? N

Detector recovered from 3 mo post-fire outage w/o
significant changes in performance. It has been
continuously taking data ever since. All data are usable
(compare to 10%-40% in CDMS low-energy analyses).

Large exposure allows optimal separation of bulk and
surface events down to 0.5 keVee threshold. Rise-time
behavior as predicted by simulations and calibrations
(PRD 88 (2013) 012002). Smooth variation of ft
parameters with energy.

Paper under review, preprint fo appear soon. Data to

be released in energy, time-stamp, and rise-time
format. A straightforward analysis indicates a
persistent annual modulation exclusively at low energy
and for bulk events. Best-fit phase consistent with
DAMA/LIBRA (small offset may be meaningful). Similar
best-fit parameters to 15 mo dataset, but with much
better bulk/surface separation (790% SA for~90% BR)

Unoptimized frequentist analysis yields ~2.20
preference over null hypothesis. This however does not
take into account the possible relevance of the
modulation amplitude found...
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What is new?

Detector recovered from 3 mo post-fire outage w/o
significant changes in performance. It has been
continuously taking data ever since. All data are usable
(compare to 10%-40% in CDMS low-energy analyses).

Large exposure allows optimal separation of bulk and
surface events down to 0.5 keVee threshold. Rise-time
behavior as predicted by simulations and calibrations
(PRD 88 (2013) 012002). Smooth variation of ft
parameters with energy.

Paper under review, preprint fo appear soon. Data to
be released in energy, time-stamp, and rise-time
format. A straightforward analysis indicates a
persistent annual modulation exclusively at low energy
and for bulk events. Best-fit phase consistent with
DAMA/LIBRA (small offset may be meaningful). Similar
best-fit parameters to 15 mo dataset, but with much
better bulk/surface separation (790% SA for~90% BR)

Unoptimized frequentist analysis yields ~2.20
preference over null hypothesis. This however does not
take into account the possible relevance of the
modulation amplitude found...

Modulation amplitude is 4-7 times larger than that
predicted by the SHM. Finding an absence of
modulation would have severely constrained non-
standard halo models as explanations for DAMA/LIBRA.
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What to make out of this?

® Most (uneducated) statements about the incompatibility
of DAMA/LIBRA with other current anomalies forget
to notice the underlaying assumption of a SHM.
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Rough sketch: two WIMPs inducing the same

DAMA/LIBRA observable (absolute modulation),
but having a different fractional modulation. A
SHM cannot induce the large modulation case.



What to make out of this?

® Most (uneducated) statements about the incompatibility
of DAMA/LIBRA with other current anomalies forget
to notice the underlaying assumption of a SHM.

e The truth is, DAMA/LIBRA shows no obvious spectral
excess, and therefore we cannot know the magnitude
of a possible fractional modulation in WIMP rate.
CoGeNT provides both spectral and modulation
information, removing this source of uncertainty.
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What to make out of this?

Most (uneducated) statements about the incompatibility
of DAMA/LIBRA with other current anomalies forget
to notice the underlaying assumption of a SHM.

The truth is, DAMA/LIBRA shows no obvious spectral
excess, and therefore we cannot know the magnitude
of a possible fractional modulation in WIMP rate.
CoGeNT provides both spectral and modulation
information, removing this source of uncertainty.

Most recent work in halo simulations indicates that
finding a SHM (specifically a pure Maxwellian
distribution at large v) would be the surprise.
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e.g., arXiv:1209.3339

FIG. 3: A comparison of the shapes of the total rate shown at two periods of the year, correspond-
ing to the times of year at which the rate is minimized and maximized, as well as the modulation
amplitude, for three different halo components: SHM (left), debris flow (middle), stream (right).
The normalization between panels is arbitrary.



What to make out of this?

Most (uneducated) statements about the incompatibility
of DAMA/LIBRA with other current anomalies forget
to notice the underlaying assumption of a SHM.

The truth is, DAMA/LIBRA shows no obvious spectral
excess, and therefore we cannot know the magnitude
of a possible fractional modulation in WIMP rate.
CoGeNT provides both spectral and modulation
information, removing this source of uncertainty.

Most recent work in halo simulations indicates that
finding a SHM (specifically a pure Maxwellian
distribution at large v) would be the surprise.

A large modulation in WIMP rate can arise naturally in
many non-SHM, and in particular for large values of
Vmins like those probed for m, ~10 GeV (and small Qy,)-
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FIG. 3: A comparison of the shapes of the total rate shown at two periods of the year, correspond-
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amplitude, for three different halo components: SHM (left), debris flow (middle), stream (right).
The normalization between panels is arbitrary.
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What to make out of this?

Most (uneducated) statements about the incompatibility
of DAMA/LIBRA with other current anomalies forget

to notice the underlaying assumption of a SHM.

The truth is, DAMA/LIBRA shows no obvious spectral
excess, and therefore we cannot know the magnitude
of a possible fractional modulation in WIMP rate.
CoGeNT provides both spectral and modulation
information, removing this source of uncertainty.

Most recent work in halo simulations indicates that
finding a SHM (specifically a pure Maxwellian
distribution at large v) would be the surprise.

A large modulation in WIMP rate can arise naturally in
many non-SHM, and in particular for large values of
Vmins like those probed for m, ~10 GeV (and small Qy,)-

A large fractional modulation for DAMA/LIBRA,
corresponding to that found in CoGeNT data, brings it
into agreement with other anomalies (CoGeNT, CDMS-
Si, and CRESST if slightly underestimating bckgs)

F IPC_I_ I |
el |
2]
=R
F\ e DAMA/LIBRA
Fe TN (Maxwellian halo, Q =0.3)
LV Na
\.'_ )
Vi
\i
CoGeNT DAMA/LIBRA |
B (non-Maxwellian halo, Q =0
i = e e -’.-’&)i}-eNT N
\ )
- \CDMS-Ge\
Y (Collar \
2\ &\Wields) N
z\ \
o \ EDELWEISS
<2 ~
I =~ L. N . S gl ,
5 10 15 20 25

my(GeV/cz)



What to make out of this? arXiv:1302.0796 (PRC in press)
40 T

Most (uneducated) statements about the incompatibility
of DAMA/LIBRA with other current anomalies forget
to notice the underlaying assumption of a SHM.

The truth is, DAMA/LIBRA shows no obvious spectral
excess, and therefore we cannot know the magnitude
of a possible fractional modulation in WIMP rate.
CoGeNT provides both spectral and modulation
information, removing this source of uncertainty.

Most recent work in halo simulations indicates that
finding a SHM (specifically a pure Maxwellian
distribution at large v) would be the surprise.

A large modulation in WIMP rate can arise naturally in
many non-SHM, and in particular for large values of
Vmins like those probed for m, ~10 GeV (and small Qy,)-

A large fractional modulation for DAMA/LIBRA,
corresponding to that found in CoGeNT data, brings it
into agreement with other anomalies (CoGeNT, CDMS-
Si, and CRESST if slightly underestimating bckgs)

However, this statement ignores the 800 |b gorilla in
the room: Qu, is not well-established (whereas
CoGeNT's Qc, is solid, see JCAP 09 (2007) 009).
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What to make out of this?

Most (uneducated) statements about the incompatibility
of DAMA/LIBRA with other current anomalies forget
to notice the underlaying assumption of a SHM.

The truth is, DAMA/LIBRA shows no obvious spectral
excess, and therefore we cannot know the magnitude
of a possible fractional modulation in WIMP rate.
CoGeNT provides both spectral and modulation
information, removing this source of uncertainty.

Most recent work in halo simulations indicates that
finding a SHM (specifically a pure Maxwellian
distribution at large v) would be the surprise.

A large modulation in WIMP rate can arise naturally in
many non-SHM, and in particular for large values of
Vmins like those probed for m, ~10 GeV (and small Qy,)-

A large fractional modulation for DAMA/LIBRA,
corresponding to that found in CoGeNT data, brings it
into agreement with other anomalies (CoGeNT, CDMS-
Si, and CRESST if slightly underestimating bckgs)
However, this statement ignores the 800 |b gorilla in
the room: Qy, is not well-established (whereas
CoGeNT's Qg, is solid, see JCAP 09 (2007) 009).

Recent efforts to isolate astrophysical (halo)
uncertainties (e.g., PRD 83 (2011) 103514) are the best
way to examine this complex situation.

Ona

Expected modulation amplitude in CoGeNT (upper
limit) as a function of Q, and WIMP mass, taking
DAMA/LIBRA as the input, and removing

astrophysical uncertainties. Units are the same as
in CoGeNT (counts/30d) plot a few transparencies

above.

Plot by Chris Kelso, using the halo-independent
formalism by P. Fox et al. (PRD 83 (2011) 103514,

04l

03+

02+

0.1+

see also PRD 85 (2012) 043515).

16

10

10
Mpy (GeV)




What to make out of this?

Most (uneducated) statements about the incompatibility
of DAMA/LIBRA with other current anomalies forget
to notice the underlaying assumption of a SHM.

The truth is, DAMA/LIBRA shows no obvious spectral
excess, and therefore we cannot know the magnitude
of a possible fractional modulation in WIMP rate.
CoGeNT provides both spectral and modulation
information, removing this source of uncertainty.

Most recent work in halo simulations indicates that
finding a SHM (specifically a pure Maxwellian
distribution at large v) would be the surprise.

A large modulation in WIMP rate can arise naturally in
many non-SHM, and in particular for large values of
Vmins like those probed for m, ~10 GeV (and small Qy,)-
A large fractional modulation for DAMA/LIBRA,
corresponding to that found in CoGeNT data, brings it
into agreement with other anomalies (CoGeNT, CDMS-
Si, and CRESST if slightly underestimating bckgs)
However, this statement ignores the 800 |b gorilla in
the room: Qy, is not well-established (whereas
CoGeNT's Q. is solid, see JCAP 09 (2007) 009).
Recent efforts to isolate astrophysical (halo)
uncertainties (e.g., PRD 83 (2011) 103514) are the best
way to examine this complex situation.

The actual few-keVnr value of Q.  will be keystone in

determining if DAMA/LIBRA is in agreement with all
other low-energy anomalies, or broadly excluded for
any WIMP halo model.

On.

Expected modulation amplitude in CoGeNT (upper
limit) as a function of Q, and WIMP mass, taking
DAMA/LIBRA as the input, and removing

astrophysical uncertainties. Units are the same as
in CoGeNT (counts/30d) plot a few transparencies

above.

Plot by Chris Kelso, using the halo-independent
formalism by P. Fox et al. (PRD 83 (2011) 103514,
see also PRD 85 (2012) 043515).
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If Qy, is the standard ~0.3, then move on, there is
nothing fo see here...



A few personal impressions:

If Qy, for 2-6 keVee in NaI[Tl] is the usual ~0.3, then DAMA/
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pieces of information may be in agreement: CoGeNT's spectral
shape, its modulation, DAMAs modulation, and Q, (recall, no
spectral WIMP info from DAMA). Agreement between all
present DM anomalies is an enticing possible outcome.
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Clearly, additional measurements of Q,,_are in order.

It seems feasible to attempt an early exercise in "WIMP
astronomy” using existing CoGeNT data, i.e., reverse-engineer
the halo properties that would give rise fto the observed
modulation. We are attempting this, in collaboration with M.
Bellis and C. Kelso. These predictions could be tested by
GAIA satellite observations very soon.
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If on the other hand this Qy,is ~0.15, then four independent
pieces of information may be in agreement: CoGeNT's spectral
shape, its modulation, DAMAs modulation, and Q, (recall, no
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It seems feasible to attempt an early exercise in "WIMP
astronomy” using existing CoGeNT data, i.e., reverse-engineer
the halo properties that would give rise fto the observed
modulation. We are attempting this, in collaboration with M.
Bellis and C. Kelso. These predictions could be tested by
GAIA satellite observations very soon.

We should not be left forever wondering about XENON-100
excluding this low-mass ROI or not: in sifu calibrations with
the Y/Be source described in PRL 110 (2013) 211101 should
settle this issue, once for all. LUX and XMASS results should
also cast light (both feature significantly lower thresholds).
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Standing challenge to XENON-100:
we hear they will gallantly take it up.



(choose your own exiting quote here)

e “In so far as a scientific statement speaks about reality,
it must be falsifiable; and in so far as it is not
falsifiable, it does not speak about reality”. K. Popper

e “Everything should be made as simple as possible, but
not simpler”. A. Einstein



(choose your own exiting quote here)

e “In so far as a scientific statement speaks about reality,
it must be falsifiable; and in so far as it is not
falsifiable, it does not speak about reality”. K. Popper

e “Everything should be made as simple as possible, but
not simpler”. A. Einstein

(We have not even opened the particle physics can-of-worms
today. However, old grandpa Al is very disappointed at you, if you
were really expecting the spherical cow)



C-4: coming up very soon

* First C-4 detector features
~1/3 of the noise of the
existing GoGeNT detector, at
~x3 its mass (1.3 kg)

* Not a one-off: its noise
characteristics are now J—
reproducible (CANBERRA R&D
supported by NSF award b
PHY-1003940). Second detector
expected to reach the same
noise figure at 2 kg, the
realistic PPC maximum.

CANBERRAS
proprietfary

* C-4 aims at a x10 total mass pdifications

increase, ~x20 background
decrease, and substantial
threshold reduction. Soudan is
our laboratory of choice,
assuming its continuity.

point contact

Design and assembly of ULB cryostat at PNNL



Appendix: MALBEK and CoGeNT side-to-side

(apologies, I am a speaker in another session during MALBEKS talk)

P. Finnerty, Ph.D. thesis.

- CoGeNT 2011 Ann. Mod. (14586 kg-d)

T CoGeNT 2012 Irreducible (266.31 kg-d)
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MALBEK is an ideal instrument to test CoGeNT (same detector design and mass, several parts
provided by CoGeNT, identical ~160 eV FWHM intrinsic detector noise, similar background achieved)
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Unfortunately, poor decisions in the choice of MAJORANA DAQ inject a dominant source of
electronic noise. The above shows a comparison for a typical 1.2 keVee event in both, pre-denoising,
following significant work to reduce polling noise in MALBEK. In a densely-packed MAJORANA-
demonstrator array, noise performance can be expected to further degrade.
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(apologies, I am a speaker in another session during MALBEKS talk)

Adapted from
P. Finnerty, Ph.D. thesis.

This shift is key.
Dotted line is
my estimated centroid.
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MALBEKS talk. C

Perhaps I am being naive)
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99% SA boundaries
for fast pulser signals,
overlapped on
MALBEKS pulser data.

As a resulf, MALBEK cannot measure preamplifier rise-times below ~2 keVee, i.e., at the energies of
interest. A variable W, derived from wavelet analysis is seen to correlate with r.t. at high energy,
but rapidly becomes the same for surface and bulk events at low energy. MALBEK attempts to

exploit W

sar ONly down to 0.6 keVee (whereas CoGeNT measures true r.f. down to 0.5 keVee).
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Fair comparison
(subset of CoGeNT
data selected to match
MALBEK'S underground
exposure).

Full CoGeNT

dataset (x5 this exposure)
would display an

even crisper surface-bulk
separation
(see upcoming paper).

In the energy ROI (~<1.5 keVee) MALBEKS surface and bulk events are essentially indistinguishable, while
CoGeNT preserves the ability to separate these down to threshold. Keeping in mind that the modulation
observed in CoGeNT is a ~5% oscillation of the overall (surface + bulk) rate, a search for an annual
modulation in MALBEK seems a futile exercise.

As a former MAJORANA collaborator, I should express my concern about the impact of DAQ hardware
choices on its low-energy physics potential. See PRL 101 (2008) 251301 for a discussion of MAJORANAs
potential as a low-mass WIMP detector.
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Trying to squeeze blood out of a turnip: an
aggressive W, cut runs the risk of throwing
out baby and bathwater at low-E.
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The larger statistics of CoGeNT (x5 MALBEKS) and
much better surface-bulk separation produce little
dependence of spectral shape and limits on choice
of rise-time cuts. Quite the opposite for MALBEK

(order of magnitude difference).

0 1000

The low-E W, distribution in MALBEK (see above)
strongly points at roughly the same bulk and
surface event contributions. In other words, a
markedly exaggerated exclusion limit when applying
aggressive W, cuts.

MALBEK would do well in waiting to understand
their low-E separation between surface and bulk
events. This has been very beneficial for CoGeNT.
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CDMS-II data are now publicly available on ArXiv.



